The epidemiology of traumatic brain injury (TBI) is changing in several Western countries, with an increasing proportion of elderly TBI patients admitted to the intensive care unit (ICU). We describe a series of 1366 adult patients admitted to three neuro-ICUs in which 44% of cases were 50 years of age or older. The health status before trauma (rated using the APACHE score) was worse in older patients. In all 604 patients had emergency removal of intracranial masses, with extradural hematomas more frequent in young cases and subdural hematomas more frequent in older patients. Outcomes were classified according to the Glasgow Outcome Scale (GOS) 6 months post-trauma, as favorable (GOS score 4-5), or unfavorable (GOS score 1-3). Favorable outcomes were achieved by 50% of patients, but the proportions of unfavorable outcomes rose with age. Mortality was the main cause of unfavorable outcomes 6 months after injury in older patients. Logistic regression analysis indicates that several parameters independently contributed to outcome, including the motor component of the Glasgow Coma Scale (GCS), pupils, CT findings, and early hypotension. Additionally, the odds ratios were very high for age and health status before TBI. Patients admitted to the ICU are increasingly older, have co-morbidities, and have specific types of intracranial lesions. Early rescue, surgical treatment, and intensive care of these patients may produce excellent results up to the age of 59 years, with favorable outcomes still possible for 39% of cases aged 60-69 years, without an excessive burden of severely disabled patients.
Introduction
T raumatic brain injury (TBI) is a major cause of morbidity and mortality. Its epidemiology, however, is changing. In the emerging economies such as China and India, where motorized travel is quickly growing, TBI is also increasing, as road traffic accidents (RTA) become more frequent, whereas in most Western countries its incidence is falling. One reason is that successful RTA prevention is leading to fewer accidents and less TBI among young people (World Health Organization, 2010) . However, the aging of the population has shifted the epidemiology of TBI toward more frequent falls at home, mainly involving the elderly.
The importance of age as a prognostic factor after TBI has long been recognized. More than 30 years ago the first prognostic models indicated age as an independent outcome predictor (Heiden et al., 1979) , and this has been confirmed by more recent figures from the IMPACT group (Mushkudiani et al., 2007) .
Several factors can contribute to worse outcomes in the elderly. The mechanism of injury is different across age groups. While the young are often victims of RTA, older people more often fall at home, with a higher incidence of subdural hematoma, which is associated with a worse outcome (Howard et al., 1989; Thompson et al., 2006) .
Age is also associated with co-morbidities, such as diabetes, hypertension, and chronic renal failure, which may worsen outcomes. Also, a high percentage of older people use medications (e.g., anticoagulants and/or anti-platelets) which may worsen cerebral damage after trauma. The aged brain may be more vulnerable to TBI, with less plasticity and repair after injury (Kovacs, 2005) . In addition, older people often present with alterations in cognition, memory, mood, and motor function (Glorioso and Sibille, 2011) , which can hamper rehabilitation after TBI. Finally, the widely held view that outcomes after TBI in the elderly are bad may induce less aggressive treatment, both surgical and medical, for these cases.
In general, however, the outcome after TBI seems to have improved with time (Lu et al., 2005; Stein et al., 2010) , and this progress may possibly include older patients who were previously classified as almost invariably unsalvageable.
The main aims of this article are: (1) to describe the principal clinical features of a consecutive series of adult TBI cases including a number of elderly patients, focusing on differences between different age groups, and (2) to verify the main determinants of 6-month outcomes.
Methods

Inclusion/exclusion criteria
Patients admitted consecutively to three neurosurgical ICUs (belonging to Ospedale Maggiore Policlinico and Ospedale San Raffaele, both in Milan, and the third to Ospedale San Gerardo, Monza, Italy) from January 1, 1997 to December 31, 2007 were prospectively studied. The inclusion criteria were: (1) admission because of head trauma, with or without extracranial injuries; (2) brain injury severity requiring admission to an ICU; (3) time from trauma to arrival at the ICU < 24 h; and (4) age over 18 years.
Patients whose severity was probably overestimated on admission because of sedation and/or muscle relaxants were identified according to published criteria (Stocchetti et al., 2004) , and defined as mistakenly severe (MS); they were excluded from further analysis.
Data collection
The health status before the trauma was rated using a simple score (Acute Physiology, Age, and Chronic Health Evaluation; APACHE), classifying patients under four headings: (A) prior good health, no functional limitations; (B) mild to moderate limitation of activity because of a chronic medical problem; (C) chronic disease causing serious but not incapacitating restriction of activity; and (D) severe restriction of activity because of disease (Knaus et al., 1981) .
Before arrival at the neurotrauma center hypoxia was defined as arterial saturation < 90% and/or blood gas analysis with Pao 2 < 60 mm Hg. When saturation or blood gas analysis was not available but the patient appeared cyanotic, and/ or had airway obstruction, hypoxia was recorded as suspected. Hypotension was defined as systolic pressure < 95 mm Hg; when arterial pressure was not measured but the patient had weak or not detectable arterial pulse, hypotension was coded as suspected.
Repeated CT scans were done on all patients. The scan that was judged most clinically important (i.e., the one that showed the worst brain damage) was entered into the database. We applied a modified version of the Marshall classification, grouping all mass lesions, evacuated and not evacuated, in one class (Marshall et al., 1991) . Extradural and subdural hematomas, the status of basal cisterns, the amount of midline shift, and the presence of subarachnoid hemorrhage, were coded as separate items.
Patients were managed according to protocols published previously . All data were entered into a computerized database described elsewhere (Beretta et al., 2003) . Outcome was assessed by personal interview or by phone 6 months after injury, using a structured questionnaire for the Glasgow Outcome Scale (GOS; Wilson et al., 1998) .
The ethics committee of the hospital where the database was developed (Ospedale Policlinico, Milan, Italy) gave approval for the data to be used for research and publication. Because the patients were unconscious when admitted, relatives or next of kin were informed that clinical data were being rendered anonymous and stored for research.
Statistical analysis
The first part of the analysis was descriptive. Mean and standard deviation were calculated for continuous data with normal distribution; median and range were reported when the distribution was not normal or in case of categorical data.
Differences between age groups for various parameters were assessed using analysis of variance (ANOVA), or chisquare testing when appropriate. A p value < 0.05 was considered significant. Multivariate analysis was done by logistic regression. Using the method of maximum likelihood we calculated coefficients and corresponding odds ratios (OR) with 95% confidence intervals (CI). As a dependent variable, outcome was split into favorable (good recovery and moderate disability) or all other categories. As independent variables, we entered into the model the parameters used in the IMPACT project (age, GCS motor score, pupils, the Marshall CT classification, and traumatic subarachnoid hemorrhage, hypoxia, or hypotension in the pre-hospital phase; Murray et al., 2007) . All variables were dichotomized; age, in decades, was split at 60 years. Pupils were coded as bilaterally normal or unilaterally/bilaterally dilated. Then the health status before the trauma was added and coefficients were recalculated.
The odds ratios were calculated so that a value greater than 1 indicated a higher risk of a poor outcome relative to the reference category. The ratio of the difference to the reduced negative log-likelihood values (indicated as R-square) was calculated. Finally, a lack-of-fit test was run to assess whether there was enough information using the variables entered in the model.
The data were analyzed using Data Desk v.6 (Data Description, Ithaca, NY) and JMP 8.02 (SAS Institute Inc., Cary, NC) statistical software.
Results
The database included 1478 patients older than 18 years, from January 1997 to December 2007; 112 fulfilled the criteria for MS, leaving 1366 cases suitable for analysis. The median age was 45 years (range 19-94 years), and 44% were 50 years old or older. Patients were divided into seven age groups, as indicated in Table 1. APACHE data were available for 1356 cases. Older patients had a higher proportion of cases with severe limitations. The distribution of the APACHE score among the age groups was significantly different ( p £ 0.0001). There were no differences in the demographic features between the three centers who participated in the study.
Before arrival at the neurotrauma center, 19% of cases had documented hypoxia and 12% had suspected hypoxia. Arterial hypotension was documented in 19%, and suspected in 4%. A total of 174 patients required emergency surgery for extracranial lesions.
Reliable GCS scores after stabilization were available for 1350 patients. The motor component of the GCS was 1-2 (no motor response or extension) in 27%, and 3-4 (abnormal flexion or withdrawal to pain) in 20%; 471 patients (35%) localized to pain, and 243 (18%) could obey commands. Anisocoria was detected in 24% and bilateral dilation in 10%, while pupils were normal in 66%.
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Emergency removal (during the first 24 h) of an intracranial mass was needed in 604 patients: extradural hematomas were removed in 206 cases, subdural in 367.
CT scan findings are summarized in Table 2 . Extradural hematomas were more frequent in young patients and subdural hematomas were predominant in older patients (Fig. 1) .
General management and length of ICU stay
The median length of stay in the ICU was 7 days (range 1-58 days). In the subgroup of patients who did not die in the ICU, the median length of stay in the ICU was 10 days. All patients submitted to sequential clinical neurologic monitoring, ECG monitoring, pulse oximetry, and temperature monitoring. Standard care included invasive arterial monitoring, artificial ventilation, blood gas analysis, blood and urine chemistry, correction of glucose and electrolyte disorders, and nutrition (if necessary artificial enteral nutrition was started on the second day after injury). Intracranial pressure was monitored in 901 patients (66% of the total).
Outcome
Outcome data were available for 1273 cases. Outcomes by dichotomous GOS score in the different age groups are shown in Table 3 . In all, 302 patients died in the ICU; 155 of the survivors were transferred from the admitting ICU to another ICU, 178 to a step-down unit, and 731 to a regular ward. There were no differences between the proportions of favorable/ unfavorable cases in the three centers.
As detailed in the methods section, the relationships between outcome and several variables were explored in steps. First, univariate analysis was done, as reported in Table 4 . In a second step, multivariable logistic regression was calculated using parameters reported by the IMPACT group; the data showed a non-significant contribution of pre-hospital hypoxia ( p = 0.3). This variable was therefore excluded from further analysis. R 2 was 0.305, the lack-of-fit chi-square was 0.09 (not significant), and receiver operating curve (ROC) analysis gave an area under the curve of 0.847.
In a third step the health status preceding TBI was included in the model (Table 5 ). The model included 1163 patients and worked adequately; R 2 was 0.3193, the lack-of-fit chi-square was 0.1256 (not significant), and ROC analysis gave an area under the curve of 0.855.
Discussion
Main findings
The first aim of the study was to describe the main clinical features of a consecutive series of adult TBI patients admitted to the ICU, with special attention paid to elderly patients. The median age of this series (45 years), the substantial proportion of cases aged 50 years or more (44%), and the fact that 1 patient in 5 was 70 years of age or older confirm that the epidemiology of TBI is changing in the Western world, as previously reported (Maas et al., 2008; Thompson et al., 2006; World Health Organization, 2010) . Computed tomography (CT) scans have been coded according to a modified version of the Marshall classification: non-evacuated and evacuated mass lesions were grouped in the same class.
The last three rows report the presence of traumatic subarachnoid hemorrhage (tSAH), the status of the mesencephalic cisterns, and the midline shift. Patients were mainly male, as is common with TBI. However, there was a higher proportion (43%) of females in the group older than 69 years. This may depend on different mechanisms of injury, which unfortunately were not collected in our database. Traffic accidents, which account for the majority of TBI in young people, mainly involve males, while falls at home, more common in the elderly, involve both sexes. This might also be explained by the significant proportion of females in the oldest part of the population. In the area served by our hospitals the percentage of females in the general population older than 69 years is 62% (ISTAT, 2002) .
While younger patients were typically healthy, a larger proportion of older patients prior to TBI had chronic diseases causing serious or severe incapacitating restriction of activity.
The three centers contributing to the database serve as referring neurosurgical facilities for a large network of hospitals without neurosurgery. This implies that patients with a surgical indication are concentrated in these centers, which may help explain the high proportion of neurosurgical cases (44%). Subdural hematomas became more frequent than extradural hematomas after the age of 50 years.
Seven percent of cases were lost to follow-up, most of them immigrants who are hard to track after hospital discharge. Favorable outcomes were recorded for 50%, a noteworthy achievement considering two aspects: the relatively high median age and the previous exclusion of MS cases (Stocchetti et al., 2004) . By definition, patients who appear to be severe because of sedation or muscle relaxants may achieve very good results, thus making the final pooled results appear to be more favorable. Of course, exclusion of such patients can worsen the overall outcome picture.
The proportion of unfavorable outcomes in our series rose with age, as expected. Relatively few patients were left in a vegetative state, and the figures remained constant over the age groups; however, severe disability was 12% for those less than 60 years of age, but 18% for older patients. Mortality was the main cause of unfavorable outcomes 6 months after injury in older patients. Few patients younger than 50 years of age discharged alive from an ICU die in the following months, whereas the proportion of persons older than 50 who die after leaving the ICU is much higher. The causes of these deaths after ICU discharge cannot be identified from the database, and only hypotheses can be offered. It is likely that the combination of existing co-morbidities (e.g., diabetes and cardiac failure), with the long-term consequences of TBI (e.g., bedridden, inadequate nutrition, or recurrent infections), contributed to late mortality.
Clinical experience and univariate analysis suggest that several parameters may be associated with unfavorable outcome, including the biological status before injury (age and   FIG. 1 . Proportion of patients with subdural or extradural hematomas in different age groups. The distribution is statistically different (p < 0.0001). 
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prior health status), hypoxia, and hypotension during the rescue phase, the severity of neurological damage (pupils and the motor component of the GCS), and intracranial lesions (CT scan data). When these parameters were entered into a multivariable analysis, all but hypoxia appeared significant. Logistic regression indicates that several parameters independently contribute to outcome. In particular, the odds ratios are very high for age and health status before TBI: the probability of an unfavorable outcome for persons older than 59 years is six times that for younger patients. Pre-existing diseases cause approximately the same probability of unfavorable outcome.
Older patients more frequently have a worse health status, and it is extremely important to distinguish the relative importance of age per se and the diseases they already have. From logistic analysis, the pre-existing health status seems to be an important independent predictor; however, numbers in this series were low for this specific item; only 22 patients younger than 60 years were in the worst APACHE categories.
Other predictors are confirmed as important too, particularly the neurological findings (pupils and motor score) assessed early on admission, after oxygenation and arterial pressure were stabilized.
The prognostic importance of age in the elderly
The strong prognostic importance of age has been amply acknowledged in the TBI literature. Early reports indicated unfavorable results in older patients. One even showed that patients older than 30 years had overwhelming mortality (75-80%), with no survivors at 1 year for those older than 60 years (Heiden et al., 1979) . In another study mortality was 53% in patients older than 29 years and 81% after 60 years (Teasdale and Jennett, 1976) . In a comparison of old and young patients with subdural hematomas, mortality rates were more than four times higher in older patients, and no case with a GCS score < 13 had a functional outcome (Howard et al., 1989) . The prognostic tree method identified two ages as prognostic thresholds associated with worse outcome: older than 26 years and older than 60 years (Choi et al., 1991) .
Subsequent data based on thousands of cases have confirmed age as a strong outcome predictor (Hukkelhoven et al., 2003; Mushkudiani et al., 2007) . This last analysis in particular found a continuous effect of age on outcome, while our analysis was based on age groups. Fortunately, in more recent series outcome seems to be less hopeless than it was decades ago (Brazinova et al., 2010) , and the threshold for unacceptable results appears to have been extended considerably (Boruas et al., 2007) .
Age is associated with co-morbidities, since a large proportion of old patients suffer from diabetes, hypertension, and cerebrovascular disease (Thompson et al., 2006) . Medications such as anticoagulants and antiplatelet agents, frequently used in older persons, may worsen cerebral damage after trauma (Woolcott et al., 2009) . It remains to be established whether the worse outcome after TBI in the elderly is due 894-13.192) mainly to concomitant diseases or to increased vulnerability of the central nervous system. Various series, however, indicate age as an independent predictor of worse outcome, after adjusting for covariates including co-existing diseases (Thompson et al., 2006; Tokutomi et al., 2008; Vollmer et al., 1991) . Mechanisms of injury change with age, with falls being increasingly important in the elderly population (Hukkelhoven et al., 2003; Maas et al., 2008) . Concomitant medications such as hypnotics, antidepressants, and benzodiazepines, all increasingly used by the elderly, are clearly associated with falls (Woolcott et al., 2009) . Older patients who have already experienced trauma are at increased risk of recurrent TBI (McGwin et al., 2001 ).
Limitations of the study
Our analysis is based on a low-cost database, which has several limitations (Beretta et al., 2007) . The mechanisms of trauma were not recorded and the health status preceding trauma was documented with a simple but generic score, which does not give details of concurrent illnesses and medications.
There is also no information about the rehabilitation phase, which could be very important in the elderly, or on the causes of death after ICU discharge. Finally, the three ICUs contributing to this database act as referral centers to academic hospitals; this may influence the case mix and the results. The extension of our data to the general population should therefore be made with caution.
Conclusions
An aging population creates new challenges in TBI treatment. Patients admitted to the ICU are older, with comorbidities, and with specific types of intracranial lesions. Early rescue, surgical treatment, and intensive care of these patients may produce excellent results up to the age of 59 years, with favorable outcomes still possible for 39% of cases aged 60-69 years, without an excessive burden of severely disabled patients. Late mortality after ICU discharge calls for further investigation.
